The Odderon in Theory and Experiment - A mini-Review by Nicolescu, Basarab
ar
X
iv
:h
ep
-p
h/
98
10
46
5v
1 
 2
3 
O
ct
 1
99
8
THE ODDERON IN THEORY AND
EXPERIMENT
A MINI-REVIEW
Basarab NICOLESCU
LPTPE, Universite´ Pierre et Marie Curie
4,Place Jussieu, 75252 Paris Cedex 05, France
E-mail: nicolesc@ipno.in2p3.fr
Talk at the XXIX International Conference on High Energy Physics,
Vancouver,Canada, July 23-30, 1998
(to be published in the Proceedings of this Conference)
Abstract. We review recent theoretical and phenomenological results on both the per-
turbative and non-perturbative Odderon. The HERA type of experiments constitutes
a direct probe of the Odderon.
LPTPE/UP6/98-13 October 1998
1
21 Introduction
The concept of Odderon was introduced in 1973 [1]. The Odderon is a J-plane singu-
larity near J=1 in the odd-under-crossing amplitude F−. It was first formulated in the
framework of asymptotic theorems, i.e. rigorous results derived from general principles
- analyticity, unitarity and positivity. Its invention was stimulated by the experimental
discovery, at ISR in 1972, of increasing total cross-sections.
The Odderon was longtime considered as an heretical concept because of the belief
that F− is dominated , at high energies , by J = 1/2 singularities (ρ and ω Regge poles).
However, it was rediscovered in 1980 in QCD , where it appears as a compound state
of 3 reggeized gluons [2]. From 1990, there were important theoretical developments
in perturbative QCD. There are also detailed phenomenological studies of the non-
perturbative Odderon [3]. Finally, there is a running experiment ar HERA, constituting
a direct probe of the Odderon [4].
Of course, the Odderon has a long history. I will discuss here only recent results,
some of them presented at the Heidelberg workshop “Pomeron and Odderon in Theory
and Experiment” [5].
2 Calculation of the intercept of the perturbative
Odderon in QCD
There are two lines of research in this framework:
1.The equivalence, in the multi-colour limit, with the hamiltonian of the completely
integrable one-dimensional Heisenberg magnet [6].
2.Variational methods combined with conformal invariant techniques.
In the first line of research, the basic idea is that the Odderon is a C-odd state of 3
reggeized gluons which interact pairwise with a well-defined potential.The problem is
to find an operator qˆ3,
qˆ23 = −r212r223r231p21p22p23, (1)
which commutes with the Odderon hamiltonian H,
[qˆ23, H ] = 0 (2)
and has a much simpler form than H.
3Recently, Janik andWosiek [7] did find the exact solution of the problem, formulated
in terms of the eigenequation
qˆ3f = q3f, (3)
where
f =
(
ρ12ρ13ρ23
ρ210ρ
2
20ρ
2
30
)µ
Φ(z), (4)
with µ = h/3, h being the conformal weight. The function Φ satisfies a third order
linear equation
a(z)
d3
dz3
Φ(z) + b(z)
d2
dz2
Φ(z) + c(z)
d
dz
Φ(z)
+d(z)Φ(z) = 0, (5)
where
a(z) = z3(1− z)3, (6)
b(z) = 2z2(1− z)2(1− 2z), (7)
c(z) = z(z − 1)
(
z(z − 1)(3µ+ 2)(µ− 1) + 3µ2 − µ
)
, (8)
d(z) = µ2(1− µ)(z + 1)(z − 2)(2z − 1)− iq3z(1 − z), (9)
z =
ρ12ρ30
ρ10ρ32
, ρk = xk + iyk(k = 1, 2, 3), ρij = ρi − ρj . (10)
Janik and Wosiek did find the solution
q3 = −0.20526 i, (11)
corresponding to the Odderon energy
ǫ = 0.16478. (12)
The relation between the Odderon energy ǫ and the Odderon intercept αO(0) is
given by the equation
αO(0) = 1− (9αs/2π)ǫ. (13)
For realistic values of αs (αs ≃ 0.19) one gets
4αO(0) = 0.94. (14)
The second line of research was formulated in Ref.8. Recent results were obtained
in Ref.9, where a direct calculation of the lower bound for the Odderon intercept was
performed.
The Odderon energy is defined as
ǫ = E/D. (15)
In Eq.(15) D is a normalization constant and the energy functional is given by
E =
∞∑
n=−∞
∫
∞
−∞
dνǫn(ν)|αn(ν)|2, (16)
where
ǫn(ν) = 2Re[ψ(
1 + |n|
2
+ iν)− ψ(1)], (17)
αn(ν) =
∫
∞
0
drr−2−2iν
∫
2pi
0
dφe−inφ
(
iν +
n+ 1
2
+ reiφ(h− iν − n− 1
2
)
)
(iν − n− 1
2
)
(−h˜+ iν − n− 1
2
)Z(r, φ), (18)
h = 1/2 + n/2− iν, h˜ = 1/2− n/2 + iν,
−∞ < ν <∞, n = . . . ,−1, 0, 1, . . . , (19)
Z(z, z∗) = |z(1 − z)|2h/3Ψ(z, z∗). (20)
The function Ψ in Eq.(20) is invariant under the transformations z → 1 − z and
z → 1/z (Bose symmetry in the 3 gluons).
The following trial function Ψ was used in Ref.9:
Ψ =
N−N1∑
k=1
cka
k/2−1/6 +
N1∑
k=1
dka
k−1/6 ln a, (21)
where
5a =
r2r21
(1 + r2)(1 + r21)(r
2 + r21)
. (22)
The result is
ǫ = 0.22269, (23)
a value which has to be compared with Eq.(12). The corresponding Odderon intercept
is
αO(0) = 0.96. (24)
By comparing the values (23) and (14), one sees that there is only a 2% difference
between the “exact” result and the variational one.
We draw from this section the conclusion that the Odderon intercept is very close
to 1, i.e. is much higher than the 1/2 (ρ,ω) intercept. We therefore expect important
Odderon effects at high energy.
3 Recent phenomenological studies of the non-
perturbative Odderon
Kilian and Nachtmann [10] recently shown that the Odderon could induce spectacular
effects in the pseudoscalar meson production in ep scattering at high energies,e.g. in
the p⊥ and rapidity distributions for pion production in the photoproduction region.
The model used in Ref.10 - a simple Regge pole contribution - is nice as a toy model but
is highly unrealistic : a detailed study of ρ values (ρ = ReF/ImF ) at low and medium
energies [3] shows beyond doubt that the Odderon Regge pole has only a very small
contribution, at least in the forward direction. The forward and non-forward data in a
huge energy range favor the maximal Odderon [3]. On a strictly theoretical level, the
Regge singularity in the perturbative QCD is much more complicated than a simple
Regge pole and it very difficult to imagine the dynamical mechanism through which
such a singularity could be resolved in just a simple Regge pole in the non-perturbative
region.
Another recent phenomenological study of the Odderon originates from the Stochas-
tic Vacuum Model (SVM) of Dosch and Simonov [11, 12]. A very interesting connection
6can be established in SVM between the Y-shape of the baryon and the coupling of the
Odderon. The particular diquark-quark structure of the baryon corresponds to the
suppression of the Odderon as a simple Regge pole which, as we already discussed,
is not favored by the data. Fortunately, the authors of Ref.12 are able to make one
prediction which is quasi-independent on the singularity structure of the Odderon: a
high cross-section (of the order of 300 nb) in the photoproduction of pions with single
dissociation (breakup of the target proton). The HERA type of experiments could
check this interesting prediction.
4 Odderon and experimental data
A natural difficulty in detecting Odderon effects is the fact that in general the Odderon
(F− amplitude) is mixed with the Pomeron (F+ amplitude). Moreover, the experimen-
tal fact that the difference of antihadron-hadron and hadron-hadron total cross-sections
∆σ ∝ ImF− is much smaller than the total cross-section itself, σT ∝ ImF+, indicates
that the coupling of the Odderon is much smaller than the coupling of the Pomeron.It is
therefore not surprising that, till now, there are only two relatively clear experimental
indications of the Odderon:
1) the experimental discovery at ISR [13] of a difference between (dσ/dt)p¯p and
(dσ/dt)pp in the dip-shoulder region (|t| ≃ 1.3GeV 2) .This difference is induced by an
Odderon with an effective intercept close to 1, a fact which nicely fits the prediction
[8, 9] of the perturbative QCD. Moreover,the extrapolation of the maximal Odderon
at high t nicely reproduces the existing data [3];
2) the experimental discovery of a bump at very small t (|t| ≃ 2 · 10−3 GeV 2) in
the high precision dN/dt p¯p data [14] at
√
s = 541GeV can be interpreted in terms of
oscillations of a very small period, which could be related to unitarity constraints. In
their turn, these oscillations induce a high value of the semi-theoretical parameter ρ
at t = 0, compatible with an important Odderon contribution in the forward direction
[15].
However,the most convincing evidence of the Odderon could come from the pseu-
doscalar meson production at HERA. The H1 experiment [4] offers an unique oppor-
tunity of exploring pure C = − channels, without any Pomeron mixing: the Odderon
is here in competition only with the photon. The results of the experiment will be
available by the beginning of 1999.
75 Conclusions
There is now quite an intense activity concerning both the perturbative and the non-
perturbative Odderon. QCD calculations show that the intercept of the perturbative
Odderon is very close to 1. The non-perturbative Odderon has also to be visible in the
HERA type of experiments.
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